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I n t r o d u c t i o n  

A u s t r a l i a ,  l i k e  many o t h e r  n a t i o n s ,  f a c e s  a n  i n c r e a s i n g  demand f o r  l i q u i d  
t r a n s p o r t a t i o n  f u e l s  w i t h  d e c r e a s i n g  d o m e s t i c  c r u d e  o i l  p r o d u c t i o n .  A c c o r d i n g l y ,  
e f f o r t s  a r e  now u n d e r  way t o  i n v e s t i g a t e  t h e  l i q u e f a c t i o n  o f  A u s t r a l i a n  c o a l s .  
H y d r o l i q u e f a c t i o n  p r o c e s s e s  a r e  c o n s i d e r e d  t o  be l i k e l y  c a n d i d a t e s  f o r  i n i t i a l  
c o m m e r c i a l  deve lopmen t  b e c a u s e  o f  t h e  a b u n d a n c e  o f  brown a n d  h i g h  v o l a t i l e  b l a c k  
c o a l s  which a r e  good h y d r o l i q u e f a c t i o n  f e e d s t o c k s .  I n i t i a l  work by A C I R L  i n d i c a t e s  
t h a t  a number of A u s t r a l i a n  c o a l s  can  b e  h y d r o g e n a t e d  t o  p r o d u c e  h i g h  l i q u i d  y i e l d s .  

Ba tch  A u t o c l a v e  S c r e e n i n q  Tests 

B a t c h  a u t o c l a v e  t e s t s  were done  o n  s e v e r a l  A u s t r a l i a n  c o a l s  r a n g i n g  from 
l o w - v o l a t i l e  h i g h  r a n k  t o  V i c t o r i a n  brown c o a l s  ( s u b  l i g n i t e s )  (1 -8 ) .  T h e s e  were  
c o n d u c t e d  i n  4 l i t r e  s t i r r e d  a u t o c l a v e s  i n  t e t r a l i n  s o l v e n t  u n d e r  hydrogen  p r e s s u r e  
a t  t h e  f o l l o w i n g  c o n d i t i o n s :  

T o t a l  a u t o c l a v e  volume,  L 3.78 
Coa l  c h a r g e ,  9 500 
T e t r a l i n  c h a r g e ,  9 1 5 0 0  
I n i t i a l  hydrogen  

Max. t e m p e r a t u r e  O C  400 
pressure ( c o l d ) ,  MPa 8 . 3  

Hold t i m e  a t  4OO0C, h 4 

The y i e l d s  o f  t o l u e n e - s o l u b l e  o i l s  a r e  p l o t t e d  a g a i n s t  c o a l  c o m p o s i t i o n  and  
p e t r o g r a p h y  i n  F i g u r e s  1 ,  2 a n d  3. As e x p e c t e d  t h e s e  d a t a  c l e a r l y  show t h a t  c o a l s  
w i t h  h i g h  r e a c t i v e  m a c e r a l  c o n t e n t s ,  h i g h  h y d r o g e n / c a r b o n  r a t i o s  and  h i g h  v o l a t i l e  
m a t t e r  a r e  l i k e l y  t o  g i v e  t h e  h i g h e s t  l i q u i d  y i e l d s .  

Abundance and  ease o f  min ing  o f  t h e  h i g h e s t  l i q u i d  y i e l d i n g  c o a l s  a s  d e t e r m i n e d  
i n  t h e  b a t c h  a u t o c l a v e  tests i n d i c a t e d  t h e  mos t  s u i t a b l e  c o a l s  f o r  f u r t h e r  t e s t i n g  
i n  ACIRL's c o n t i n u o u s  bench  s c a l e  r e a c t o r  u n i t .  

C o n t i n u o u s  R e a c t o r  

ACIRL's c o n t i n u o u s  r e a c t o r  u n i t  h a s  been  d e s c r i b e d  i n  an  ACIRL r e p o r t  ( 8 ) .  
The f l o w  d i a g r a m  o f  t h e  u n i t  i s  shown i n  F i g u r e  4. C o a l - s o l v e n t  s l u r r y  a n d  hydrogen  
a r e  f e d  i n t o  t h e  u n i t  wh ich  p r o d u c e s  a c o o l e d  p r o d u c t  s l u r r y  c o n t a i n i n g  a l l  t h e  
w a t e r  and  l i g h t  o i l  wh ich  i s  t h e n  f l a s h - d i s t i l l e d  i n  4 kg b a t c h e s  i n  s e p a r a t e  g l a s s -  
ware. H i g h - p r e s s u r e  e x i t  g a s e s  a r e  v e n t e d  a t  l ow p r e s s u r e  t h r o u g h  meters a n d  
r e p r e s e n t a t i v e  s a m p l e s  a n a l y s e d  by GC. 

The d i s t i l l a t i o n  i s  c a r r i e d  o u t  i n  s t a g e s  t o  p r o d u c e  l i g h t  o i l ,  w a t e r ,  medium 
( a t m o s p h e r i c )  d i s t i l l a t e ,  vacuum d i s t i l l a t e  a n d  a r e s i d u e  o f  h i g h  b o i l e r s  p l u s  a l l  
t h e  u n c o n v e r t e d  c o a l  s o l i d s .  R e c y c l e  s o l v e n t  i s  made by r e c o m b i n i n g  t h e  medium a n d  
vacuum d i s t i l l a t e s .  F o r  n e a r l y  a l l  r u n s  c o n d u c t e d  s o  f a r ,  s u f f i c i e n t  s o l v e n t  h a s  
been  p roduced  t o  m a i n t a i n  s o l v e n t  b a l a n c e  p lus  a n e t  l i q u i d  y i e l d .  
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The a c t u a l  e x c e s s  l i q u i d s  p r o d u c e d  end  u p  as s a m p l e s  f o r  f u r t h e r  a n a l y s i s  
a n d  e v a l u a t i o n .  

The  c o n d i t i o n s  u n d e r  which  t h e  c o n t i n u o u s  r e a c t o r  o p e r a t e s  a r e  : 

S l u r r y  f e e d  r a t e  
Hydrogen f e e d  rats 
5 o l v e n t : c o a l  r a t i o  
Pressure 
T e m p e r a t u r e s  : 
- p r e h e a t e r  
- s t i r r e d  r e a c t o r  

P r e h e a t e r  t u b e  
d i m e n s i o n s  

P r e h e a t e r  volume 
S t i r r e d  r e a c t o r  

l i q u i d  h o l d u p  

0.5 - 3.0 kg/hr  
0 - 300 g / h r  
1.7 - 3.0:l 

1 0  - 21 MPa 

5OODC max. 
425OC max. 

6-20 m x 6 mm I.D. x 9 . 5  mm O.D. 
0.2 - 0.6 L 

1.5 - 3.6 L 

R e s u l t s  

Run c o n d i t i o n s  a n d  y i e l d  d a t a  f r o m  a b a t c h  t e s t  a n d  a series o f  c o n t i n u o u s  
r e c y c l e  r u n s  on  a t y p i c a l  c o a l  s e l e c t e d  f o r  c o n t i n u o u s  t es t s  are p r e s e n t e d  i n  
T a b l e  1 .  A n a l y s e s  o f  t h i s  c o a l  a r e  g i v e n  i n  T a b l e  2 .  

T h e s e  d a t a  i n d i c a t e  t h a t  h y d r o g e n a t i o n  o f  t h i s  c o a l  u n d e r  r e c y c l e  s o l v e n t  
c o n d i t i o n s  w i l l  p r o d u c e  a b o u t  40% d i s t i l l a t e  l i q u i d s  on d r y  a s h - f r e e  c o a l .  

F u r t h e r  work  is b e i n g  c a r r i e d  o u t  now t o  i m p r o v e  t h e s e  y i e l d s  t o  a r o u n d  50% 
or b e t t e r .  The c o n f i g u r a t i o n  of t h e  u n i t  a n d  e q u i p m e n t  l i m i t a t i o n s  ( t e m p e r a t u r e ,  
p r e s s u r e ,  h y d r o g e n  c o m p r e s s o r  c a p a c i t y ,  e t c . )  f o r  t h e  tests r e p o r t e d  h e r e  a r e  
c o n s i d e r e d  t o  be i n  n e e d  o f  u p g r a d i n g  t o  a c h i e v e  t h e  h i g h e r  y i e l d s .  Moreover ,  
some o p e r a t i o n a l  p r o b l e m s  are a l s o  c o n s i d e r e d  t o  c o n t r i b u t e  t o  l o w e r  t h a n  d e s i r e d  
y i e l d s .  T h e s e  p r o b l e m s  are  d i s c u s s e d  be low.  

O p e r a b i l i t y  

A p a r t  f r o m  m e c h a n i c a l  a n d  e l e c t r i c a l  p r o b l e m s  t h a t  h a v e  n o t h i n g  t o  do w i t h  
w h a t  g o e s  t h r o u g h  t h e  system, t h e  m a j o r  p r o b l e m  a r e a s  a r e  - 

1.  L a r g e  losses  r e l a t i v e  t o  t h e  s m a l l  scale of  o p e r a t i o n  

2. D i f f i c u l t y  i n  pumping t h i c k e r  s l u r r i e s  t h a n  2:1 s o 1 v e n t : c o a l  r a t i o  

3. P r e h e a t e r  b l o c k a g e .  
4. 

( m a i n l y  i n  d i s t i l l a t i o n ) .  

a t  t h i s  small  s c a l e .  

H i g h - p r e s s u r e  s l u r r y  le t -down v a l v e  wear. 

Losses 

G e n e r a l l y ,  mater ia l  b a l a n c e s  f r o m  f e e d  t o  p r o d u c t  s l u r r y  a n d  g a s e s  o v e r  t h e  
D i s t i l l a t i o n  losses  of t h e  order o f  5% h i g h - p r e s s u r e  s y s t e m  are g o o d ,  97 - 103%. 

on c o a l  are u s u a l  a n d  almost u n a v o i d a b l e  a t  t h i s  small s c a l e .  T h e s e  losses a r e  
b e l i e v e d  t o  b e  c a u s e d  m a i n l y  by e v a p o r a t i o n  o f  l i g h t  h y d r o c a r b o n s  a n d  w a t e r  f r o m  
c o l l e c t i n g  v e s s e l s  a n d  v a p o r i s a t i o n  a n d  i n a d e q u a t e  t r a p p i n g  o f  medium b o i l i n g  
m a t e r i a l s  d u r i n g  vacuum d i s t i l l a t i o n .  I n  a d d i t i o n ,  some p y r o l y s i s  o c c u r s  a t  t h e  
l a t e r  s t a g e s  ( a t  400 - 4 5 0 O C )  o f  vacuum d i s t i l l a t i o n  r e l e a s i n g  g a s e s  which  are n o t  
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e a s y  t o  meter a n d  a n a l y s e  u n d e r  vacuum c o n d i t i o n s .  

S l u r r v  Pumpinq 

We h a v e  found t h a t  o u r  s l u r r y  c i r c u l a t i n g  g e a r  pumps c a n  o n l y  h a n d l e  s l u r r i e s  
Up t o  35% s o l i d s  l o a d i n g s .  
s c a l e  t h e  l a r g e r  pumping a n d  p i p i n g  r e q u i r e d  would e n t a i l  t o o  much v a r i a b l e  h o l d  up 
of f e e d  s l u r r y  t o  b e  a b l e  t o  o b t a i n  s a t i s f a c t o r y  material b a l a n c e s .  

P r e h e a t e r  B l o c k a q e s  

On a l a r g e r  s c a l e  45% would be  p o s s i b l e .  A t  t h i s  

Our p r e h e a t e r ,  a 20 metre l e n g t h  o f  9.5 m m  O.D. by  6.0 mm I .D .  s t a i n l e s s  
s t e e l  t u b e  wound i n t o  s p i r a l s ,  i s  h e a t e d  i n  a c y l i n d r i c a l  s a n d  b a t h  270 mm d i a m e t e r  
x 300 mm s a n d  d e p t h .  We h a v e  f o u n d  t h a t  p r e h e a t e r  b l o c k a g e  c a n  r e s u l t  from a 
number of f a c t o r s  i n c l u d i n g  : 

( i )  t e m p e r a t u r e s  a b o v e  46OOC. 
(ii) a c c i d e n t a l  p r e s s u r e  r e d u c t i o n  so t h a t  t o o  much s o l v e n t  e v a p o r a t e s .  
( i i i )  s u d d e n  s u r g e s  o f  f e e d  h y d r o g e n  w h i c h  d r y  o u t  t h e  s o l v e n t .  
( i v )  
( v )  a t t e m p t i n g  t o  pump s l u r r y  t h r o u g h  t h e  p r e h e a t e r  when i t s  w h o l e  

s t a g n a n t  s l u r r y  a t  a b o v e  380°C d u e  t o  pumping s t o p p a g e .  

l e n g t h  is a t  360 - 390°C, t h a t  i s  when t h e  p r e h e a t e r  i s  f u l l  
o f  g e l l i n g  s l u r r y .  

S l u r r v  v a l v e  wear  

Wear o f  h i g h  p r e s s u r e  s l u r r y  le t -down v a l v e s  h a s  been  a v e r y  s e r i o u s  problem.  
A f t e r d i s c h a r g i n g a b o u t  20 - 100 kg s l u r r y  f r o m  21 MPa t o  a t m o s p h e r i c  p r e s s u r e  
t h r o u g h  o u r  s l u r r y  le t -down v a l v e s  t h e s e  v a l v e s  a r e  u n a b l e  t o  h o l d  p r e s s u r e  
s a t i s f a c t o r i l y .  A t  o u r  s m a l l  s c a l e ,  t h i s  p r o b l e m  c a n  o n l y  be  s o l v e d  by u s i n g  g a s  
p r e s s u r e  e q u a l i s a t i o n  t o  r e d u c e  t h e  p r e s s u r e  d r o p  a c r o s s  t h e  s l u r r y  v a l v e s .  
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TABLE 1 

Y i e l d  D a t a  f o r  Coal 57 

B a t c h  C o n t i n u o u s  R e a c t o r  Runs 

T e s t  P r o c e s s  P a r a m e t e r s  

2 3  25 26A 26B 
Run time. h 4 83 100 21 6 ( 2 1 6 )  
S o l v e n t  ( T )  
5 o l v e n t : c o a l  r a t i o  3 
Red mud, % c o a l  0 
Feed  H2, % d . a . f .  c o a l  2.6 
P r e s s u r e  MPa d 1 9  
T e m p e r a t u r e s ,  O C  

- p r e h e a t e r  - 
- r e a c t o r  400 

E s t . s l u r r y  h o l d  t i m e , h  4 
S l u r r y  f e e d  r a t e , k g / h  s t a t i c  

R e s u l t s  
P r o d u c t  r e c o v e r y ,  

T o l u e n e  c o n v e r s i o n ,  91 

T o t a l  d i s t i l l a t e  o i l  20 

D i s t i l l a t i o n  r e s i d u e ,  54 

W a t e r  B Gases, ( %  d . a . f ) 2 6  

% o f  f e e d s  z 95 

( %  d . a . f . )  

y i e l d ,  ( %  d . a . f . )  

( %  d . a . f . )  

Losses ( %  d . a . f . 1  ( N )  

E s t .  r e s i d u e  p y r o l y s i s  3 
o i l  y i e l d ,  % d . a . f .  

( R )  
2 
3 

5.5 
21 

425 
425 

2 
1 .o 

1 0 0  
75 

30.4 

61.3 

8.2 
0.1 

3.1 

( R )  
2 
3 

9.6 
21 

440 
425 
3.2 
1 .o 

93  
82 

29.4 

47.9 

9 . 7  
1 3 . 0  

2 . 4  

( R )  
2 
3 

2 7  
21 

425 
400 
4.2 
0.5 

99 
87  

36.8 

41.8 

16.2 
5.2 

2.1 

( R )  
2 
3 

4 3  
2 1  

425 
400 
4.2 
1 .o 

99 
80  

35.1 

54.2 

8 .4  
2 . 3  

2 .1  

T o t a l  e s t i m a t e d  o i l  23 33.5 38.3 41.5 39  .O 
y i e l d ,  % d . a . f .  ( E )  

N o t e s :  ( T I  T e t r a l i n  s o l v e n t  
( R )  

( N )  B a t c h  d a t a  n o r m a l i s e d  t o  100% 
( E )  Sum o f  t o t a l  d i s t i l l a t e  y i e l d ,  50% o f  

R e c y c l e d  d i s t i l l a t e  ( c a .  200 - 600°C 
B . P . )  

losses a n d  e s t i m a t e d  p y r o l y s i s  o i l .  
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TABLE 2 

Ana lyses  o f  Coal 57 

Prox ima te  % 

M o i s t u r e  2.0 
Ash 18.3 
V o l a t i l e  M a t t e r  42.2 
F i x e d  c a r b o n  31.5 

Pet  roq rap  hy V O l .  % 

V i t r i n i t e  67 
S u b e r i n i t e  15 
E x i n i t e  4 
I n e r t i n i t e  4 
M i n e r a l  M a t t e r  15 

Mean maximum r e f l e c t a n c e  of v i t r i n i t e  0.54% 

E lemen ta l  7% d.a.f. 

Carbon 78.7 
Hydrogen 6.38 
N i t r o g e n  1.25 
Su lphur  0.63 
Oxygen 13.0 

( b y  d i f f . )  

Forms of Su lphur  % 
d.a.f. 

P y r i t i c  0.09  
S u l p h a t e  0.01 
Organ ic  0.43 

i 
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